This paper is concerned with the optimization of combined effect of various designs and operating parameters with serpentine flow channel of 49 cm 2 active area affects the performance of the Proton Exchange Membrane (PEM) fuel cell. The fuel cell is an electrochemical device and its performance depends on the flow channel design, number of flow path, channel depth and width, cross section of the flow channel, operating pressure, operating temperature, relative humidity, mass flow rate of the reactant gases and stoichiometric ratio of the reactants. The model, analysis and optimization have done with help of Creo, Ansys CFD and Minitab 17 software respectively. Based on the optimization study, the L: C-1:2 have produced maximum power density of 0.182 W/cm 2 and square of response factor (R 2 ) was achieved as 99.84 %. .
Khunatorn [5] . The result revealed that the sharp curve was the best configuration because it has nonuniform flow distribution with low velocity and high pressure drop during the reactant flow.
Vazifeshenas et al. [6] investigated the compound flow field design along with serpentine and parallel designs were verified by using CFD software. The results showed that the parallel flow field revealed weaker performance in comparison to the other two flow fields (compound and interdigitated). The main reason is due to insufficient distribution of the reactants. optimization of operating and design parameters such as pressure, temperature, stoichiometric ratio of inlet reactant mass flow rate and various landing to channel width on serpentine flow channel of 16 cm 2 active area of the PEMFC was studied by lakshminarayanan et al [7] . The results were concluded that, the L: C-1:2 has maximum power density of 0.422 W/cm 2 and square of response factor (R 2 ) was achieved by Taguchi method as 97.90 %. The effect of the various parameters with various rib to channel width of (L: C) 1:1, 1:2 and 2:2 Multipass serpentine flow channel PEM fuel cell with 36 cm 2 (6cm x 6cm) active area was analyzed numerically by lakshminarayanan et al [8] .The results revealed that the maximum power densities were obtained as 0.658, 0.642 and 0.596 W/cm 2 for the L: C of 1:1, 1:2 and 2:2, respectively. However, operating parameters such as pressure, temperature and inlet mass flow rate of reactants influenced the performance of PEMFC considerably. The PEM fuel cell performance has been influenced by operating parameters (pressure, cell temperature, relative humidity and the stoichiometric ratio of reactants) and the design parameters (rib to channel width ratios, depth of the channel and number of passes on the flow channel). Equal current distribution must be ensured through uniform velocity distribution of the reactants at the flow channel. Otherwise, parasitic current may be occurred due to potential differences. The cell temperature must be kept uniform so that the heat produced by electrical resistance and electrochemical reactions must be removed from the cell addressed by Atilla Bıyıkoglu [9] .
Kanani et al. [10] investigated the effects of operating conditions on serpentine flow channel for the performance of the PEM fuel cell by using Design of Experiments. Response surface methodology was used to model the relationship between cell potential and power with various operating input parameters. The results revealed that the low and high stoichiometry of reactant on anode and cathode cause the minimum cell power. Whereas the optimum ranges of stoichiometry of fuel and oxidants on anode and cathode leads to the best performance. It is clearly indicated that immediate attention is required for optimizing the simultaneous influence of operating and design parameters for the performance of the PEM fuel cell. Hence this paper has a detailed study about the optimization of operating pressure, temperature, stoichiometric ratio of inlet reactant mass flow rate and various landing to channel width (L:C)-1:1,1:2,2:1&2:2 on serpentine flow channel of 49 cm 2 active area of PEM fuel cell are to be studied and influence their performance are compared.
II. MODEL DEVELOPMENT
The 49 cm 2 active area with serpentine flow channel of various landing to channel width configurations were created by Creo Parametric 2.0 as shown in Fig.1 .
Fig.1.Various landing to channel width (L: C) (a) 1:1 (b) 1:2 (c) 2:1 and (d) 2:2 of serpentine flow channel of 49 cm 2 active area of PEM fuel cell.
The modeling was done by creating all individual parts of the PEM fuel cell and the dimensions of individual parts as shown in the Table 1 . The various geometrical models (L: C-1:1, 1:2, 2:1 and 2:2) of serpentine flow channel were meshed by using ICEM 14.5. After geometry modeling, discretization of PEM fuel cell was done by ANSYS 14.5 ICEM software. Split block method used for blocking, body fitted mesh was used and projection factor was set to 1. The projection factor determines how closely the edges of the mesh match up with the grid. The Cartesian grid meshing method was used, which is used in the formation of hexahedral mesh to attain accurate results. The simulation of PEM fuel cell was solved by simultaneous equations like conservation of mass, momentum, energy, species concentration, butler-Volmer equation, Joule heating reaction and the Nernst equation to obtain reaction kinetics. The model used to consider the system as 3-D, steady state and inlet gases as ideal condition, system as an isothermal and flow as laminar, fluid as incompressible, thermo physical properties as constant and the porous GDL, two catalyst layers and the membrane as an isotropic. Taguchi method has been used to find out the most optimum combination among the input parameters which would result in getting the maximum possible output which cause the performance enhancement of PEM fuel cell. In Taguchi method L16 standard orthogonal array with 4-level and 4 factors was used and the parameters were considered as low, high and medium range values. When this orthogonal array was used, significance of factors and optimum combination can be found in 16 runs itself. The factors considered for the analysis were landing to channel width ratios on serpentine flow field design (L: C-1:1, 1:2, 2:1 and 2:2), pressure (1, 1.5, 2 and 2.5 bar), temperature (313, 323, 333 and 343 K), anode and cathode reactants as stoichiometric ratios (S/F) of 3, 3.5, 4 and 4.5. The theoretical value of hydrogen in the anode side was 4.33E-07 kg/s and oxygen in the cathode side was 3.33E-06 kg/s. A control volume approach based on commercial solver Fluent was used to solve the various governing equations. Threedimensional, double precision and serial processing were used for this model. The species concentration on anode side of H2, O2, and H2O were 0.8, 0, and 0.2 respectively. Similarly, on the cathode side were 0, 0.2 and 0.1 respectively. The Anode and Cathode reference current density was set to be 10000 A/cm2 and 20 A/cm 2 respectively 0.1 kmol/m 3 was set to anode and cathode reference concentration, Anode and cathode exchange coefficient was set to be 2. The Reference diffusivity of H2, O2 and H2O was set to as 3E-5. The porosity at anode and cathode side was 0.5. Open circuit voltage was set at 0.95 V on the cathode and the anode was grounded. The cathode voltage has been varied from 0.05 V to 0.95 V used for solving kinetics reaction in order to get the current flux density, H2, O2, and H2O fractions along with the flow field design. Multigrid settings were modified as F-Cycle for all the equations and entered termination restriction value was set as 0.001 for H2, O2, H2O and water saturation. The electric and proton potential values were set at 0.0001. Stabilization method BCGSTAB was selected for H2, O2, H2O, water saturation, electric and proton potential.
III. RESULTS AND DISCUSSION
As per L16 orthogonal array, the inputs were given to the Ansys CFD Fluent analysis software and having all other parameters constant. The power densities for all 16 runs, obtained from analysis CFD software and the corresponding Signal/Noise (S/N) ratios were found from MINITAB 17 software as shown in the Table 3 . The landing to channel width ratio of 1:1 for serpentine flow field has shown maximum power densities of 0.171 W/cm 2 and minimum power densities of 0.124 W/cm 2 respectively. Similarly for L:C of 1:2 and 2:1 having maximum power density of 0.182 W/cm 2 and 0.139 W/cm 2 respectively. Table 3 The minimum power densities for the same L:C ratios have 0.139W/cm 2 and 0.109 W/cm 2 respectively. For the landing to channel width ratio of 2:2 has shown maximum and minimum power density of 0.170 W/cm 2 and power density of 0.142 W/cm 2 respectively. The optimization was performed for "Larger the Better" type of Taguchi method because power output of PEM fuel cell must be maximized. The S/N ratio plot for the same were obtained using MINITAB 17 software and the corresponding maximum S/N ratio gives better performance as analyzed based on larger the better as shown in the Fig.3 . The percentage deviation from maximum to minimum power density of various landing to channel width ratio has found as 38.25, 30.52, 27.52 and 20 respectively.
. Factors, levels, power density and S/N ratio for 16 runs of optimization

Fig .3. Mean S/N ratio plot for L:C (A1-A4),Pressure (B1-B4),Temperature (C1-C4), Stoi.Ratio (D1-D4)
It was concluded from the Fig. 3 that the design parameter such as, landing to channel ratio of serpentine flow channel having L:C-1:1 as A1, and the operating parameters like pressure -2.5 bar as B4, temperature -353 K as C4, Stoichiometric ratio of inlet mass flow rate -4 as D3 were the optimum parameters to show the better PEM fuel cell performance. Delta value of each factor available from the MINITAB 17 software itself was shown in Table 4 . The optimization results of various parameters were based on S/N ratios and the significance of each factor by ranking them according to their performance. The factor with highest delta value indicates higher significance factor. It was found that landing to channel width ratio was the predominant factor affecting the performance of PEM fuel cell followed by the other parameters as operating temperature, pressure and stoichiometric ratio of inlet mass flow rate respectively. 
IV. CONCLUSION
The maximum power density of optimizing the four different parameters on serpentine flow channel of 49 cm 2 active area of PEM fuel cell using optimization technique provides 0.182 W/cm 2 from L:C-1:2 with 2 bar operating pressure, 353 K temperature and 3 stoichiometric ratio of inlet reactant gases and R 2 value was arrived 99.84 %. The maximum to minimum percentage of power deviation in 49 cm 2 serpentine flow channel has been found to be 66. The performance of PEM fuel cell with various design and operating parameters has been affected significantly.
